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BBEJIEHUE

[loBbrmatonuecs  TpeboBaHus K  OezomacHoctH  SIDY  ompenensior
NOTPeOHOCTH B YHUBEPCAIBHBIX pACUYETHBIX KOJaX, TO3BOJIIONINX aJEKBATHO
MOJIETTMPOBAaTh JWHAMUKY YCTaHOBOK. Takum komom siBisieTcst co3gaHHbid B PHIJ
“KypuyaTOBCKUII MHCTUTYT HEUTPOHHO-TEIUIOTUAPABINYECKUN KOMILJIEKC MPOrpamMm
STEPAN/KOBRA pacyeTHOro MOAETUPOBAHUS HECTALIMOHAPHBIX (PU3HMUECKUX
nporeccoB B PBMK B TpexmepHOM IpOCTpaHCTBEHHOM MPUOIMKEHUH.

KomMmriuiekc ucnosnb3yeTcsi B pacyeTHO-TEOPETUUYECKUX MCCIEAOBAaHUAX TIO
obecrnieuenuto U obocHoBanuto 6e3onacHoctu ADC ¢ PBMK u, kpome Toro, siBiseTcs
0a30BBIM  pacyYeTHHIM KOJOM mojHoMmacmrTabHoro tpeHaxkepa (IIMT) 3-ro
sHeproomoka JIADC, co3manHoro B 1994-1996 rr., u paspabaTbiBaeMOro B
HacTosIiee BpeMs NOoJHOMacimTaOHOro TpeHaxepa 1-ro sHeprobmoka JIADC. B
COCTaBE TPEHAXXEPOB KOMIUIEKC MOJAEIUPYET B pEaJbHOM MacluTabe BpEMEHH
HEeCTallMOHapHbIE HEHUTPOHHO-TEIUIOTHPABINYCCKUE IIPOLIECCHI (BKiTrOUAs
aBapuiiHble DPA3JIMYHOM CTENEHH TSXKECTH) B PEAKTOpEe, KOHTYpe MHOTI'OKPaTHOM

npuHyuTenpHoi nupkysinuy (KMIIL) u rmaBHBIX maponpoBoaax.

1. PU3UKO-MATEMATHYECKASI MOJEJIb U PACYETHBINA KO,

Mooenv neiimponnogusuueckux npoueccoé B aKTHUBHON 30HE peakTopa
6a3upyercs Ha pacueTHoM koae STEPAN [1], npomeamem arrecranuio B 'AH PO u

uMeronieM ATtrectaiimoHHbIi acropt Ne46 ot 23.05.96r.



IIporpamma STEPAN mno3Bonsier pemars B JABYX- U TPEXMEpPHOU
reOMEeTpUM CTallOHapHble M HecTanuoHapHble 3anaun pusnku PEMK. Bee Bepcuu
MPOrpaMMbl UMEIOT €IMHBIA JIByXTPYNIIOBOM CETOYHBIN aJITOPUTM C MOJATOTOBKOM
KOHCTaHT siyeek no mporpaMMme WIMS ¢ mocienyroomuM uX INpeacTaBICHUEM B
BUJIC TIOJMHOMMAJBHBIX 3aBUCHMOCTEH OT HaOopa OIpeleNsionuX MapaMeTpoB.
OnHOBpEMEHHO IPOU3BOJUTCS  KOPPEKTUPOBKA KOHCTAaHT C  I[OMOIIBIO
K03 PUIMEeHTOB, BHJI KOTOPBIX OIPEICIICH Ha OCHOBE aHajam3a
HKCHEPUMEHTAIbHBIX JIaHHBIX, MOJYYEHHbIX Ha KpuTcOopkax creHnza PBMK wu
neiictByromux peakropax PBMK. IlompaBo4nble KOA(pQHUIMEHTH BBIPAXKAIOTCS
yepe3 HCXoAHble AByXrpynnosble KoHCTaHThl (Meron MKK). JIByxrpynmosbie
HEHTPOHHBIE CEYEHUs, IOJNy4YECHHbIE OMNMCAHHBIM  00pa3oM, IpPEICTaBIICHBI B
Bujie OMOIMOTEKH, B KOTOPOM CEYEHHUs BBIPAKEHbl KaK (DYHKIMM OCHOBHBIX
napaMeTpoB (TeMmmeparyp TOIUIMBa UM TpaduTa, IUIOTHOCTH TEIIOHOCUTEI,
BBITOPAHUS, KOHILEHTpPAllMd KCEHOHA M caMmapusi). DT MapaMeTpbl OXBaThIBAIOT BEChH
JUAMa3oH OT XOJIOZHOTO COCTOSHUS 1O HOMHHAJIBHOM MOINHOCTH W aBapUIHBIX
COCTOSIHMI HAa MOILIHOCTH.

IIpu pacuere mnosedt  sHeproBelueneHus B nporpamme  STEPAN
WCIIONIB3YETCsl Omepanusi “‘BOCCTAHOBIEHUS pPaJAHAIBHBIX M BBICOTHBIX TOJIEH IO
MIOKa3aHUSM BHYTPUPEAKTOPHBIX TaTUYMKOB.

[Iporpamma STEPAN wucnons3yercss B PHI[ "KypuatoBckuit Uuctutyt" c
1987roma. B 1987-1994 r.or. ¢ ee MNOMONIBIO MPOBOAWJICSA aHAIU3 H3MEHEHUS
xapaktepucTuk PEMK B xoze BBIIOSHEHUS MEPONPUATUI IO MOBBILEHUIO SACPHOU
6esonacHoctu PBMK. IlporHo3upoBasncsi XapakTep HW3MEHEHHUS IapOBOIO "
MOIITHOCTHOTO  KO3((UIIMEHTOB  PEaKTUBHOCTH, d(HPEKTUBHOCTH CTEp)KHEH,
NOAKPUTUYHOCTH, 3¢ dekToB obe3BoxkuBanus KMIIL n KOCY3, paauanbHbIX U
BBICOTHBIX TOJIEM SHEProBBIACIICHNUS, BEITOPAHUS TOILJIUBA.

C nomomukto nporpammsl STEPAN onpenenens! xapakrepuctuku PEMK 5-ro
oimoka KADC ¢ MoaepHHM3WpOBaHHOW T'paUTOBOM KIAIKOW W XapaKTEPUCTUKH
JIPYTUX yCOBEPILIEHCTBOBAaHHBIX peakTopoB Tuna PBMK.

IIporpamma STEPAN mmpoko npuMeHsu1ach TakXkKe JUIsl aHaJIu3a aBapuu Ha 4-

M 6110ke YepHoObuibckoit ADC [2].

Hcnonb3yeMslil B MoJHOMAcIITAOHOM TpeHaxkepe 3-ro sHeprodioka JIADC

pacueTHbIi ko SM MoJaenupoBaHs HEUTPOHHO-(PHU3UUECKUX MPOIIECCOB B aKTUBHOM



30He peakTopa Oasupyercs Ha momHomacmTabHoMm kojge STEPAN c HekoTOophIMH
YIPOUICHUSIMH, TO3BOJISIONIMMH JIOCTHYb MOJEIUPOBAaHUS B peaJbHOM MaciiTabe
BPEMEHH BCJIEJCTBUE HETOCTATOYHON MOLTHOCTH TPEHAKEPHOTO KOMIIBIOTEPA.

B paszpaGatsiBaemom xe ceiiuac [IMT 1-ro snepro6noka JIADC, Gnarogaps
BO3MOKHOCTH HCIIOJIb30BaHUsSI 00Jiee MOIIHOTO KOMIBIOTEpA, MPUHITO pelIeHHe 00

MCIOJIb30BaHNU NoJHOM Bepcuu kona STEPAN.

Mooeny mennozudpasiuueckux npoyeccoé B dHeproOioke Oazupyercs Ha
pacuetHoMm koae KOBRA [3]. C ero mnoMompio OCEHIECTBISIETCS pacuer
TEIUIOTHIPABINYECKUX MapaMeTpoB HaubOoJiee OTBETCTBCHHBIX M CIIOXKHBIX IS
MOJICIMPOBAHUS CHCTEM dHeprobioka, a umeHHo KMIIL] (Bkirouast TeXHOJIOTHUECKHE
KaHaJbl aKTUBHOM 30HBI PEaKTOpa) U TIABHBIX MApPOMPOBOJIOB, T.€. TPyOOIPOBOIOB
nmomayn octporo mapa Ha TypOunsl, CIIII u TpyOompoBogoB cOpoca mapa dyepes
OBICTPOCHCTBYIONINE PEIYKIIMOHHBIC YCTAaHOBKM W TJABHBIC IMPEIOXPAHUTCIIHLHBIC
KJIallaHbl.

Monyns KOBRA mpennasHaueH s MOACTUPOBAHUSA HECTAIMOHAPHBIX
(IMHAMUYECKUX ) TETUIOTHAPABINYECKHUX MPOIIECCOB B MIPOU3BOIBHBIX
TETUIOTHIPABINYECKUX CETSIX C JABYX(a3HBIM ITAPOBOJSHBIM TEIJIOHOCHTEIIEM B
TEPMHUYECKH HEPAaBHOBECHOM M MEXaHUYECKH HETOMOTCHHOM TIPHOIMKEHUH.

baszucom marematnueckont monenu koga KOBRA sBistroTcs:

e cucremMa 4yeTblpex auddepeHINaNbHbIX YpPaBHEHHH B YaCTHBIX MPOU3BOJIHBIX,
OMUCHIBAIONINX 3aKOHBl COXpPAHEHHUS JUIS TEIJIOHOCUTENsS  OJHOMEPHBIX
TETUIOTHIPABIMYECKUX KAaHAJIOB B COCTABE MOJICTTUPYEMOM CETH;

e cucreMa OOBIKHOBEHHBIX AU((EepeHIUANBHBIX YPAaBHEHUH COXpaHEHUS MAacCCHhl,
UMITyJIbca W DHEPruM  MapoBOASIHOW  CMECH I MOJCIUPYeMOi
TEIUTOTUAPABIMYECKON CETH;

® OJHOMEpPHOE HECTAIlMOHAPHOE ypaBHEHHE TETUIONPOBOJHOCTH JISi PAacYeTHOTO
CeueHMsI TEIUIOOOMEHHOTO 00OpYyJOBaHMS C BHYTPEHHUM TEIUIOBBIICICHHEM B
obmeM ciydae;

e cucTeMa 3aMBIKAIONIMX COOTHOILIEHWH, BKiIIoHalomas B ce0d ypaBHEHHE
COCTOSHUSI ~ TEIUIOHOCHTENS, COOTHOIIEHHUS TSI  CBOMCTB  MaTepHalioB
TETI000MEHHOTO o0opyaoBaHus, AMIUPUUYECKUE KOPPESIIH TUTST

MIPOCKAJIb3bIBAHMSI Ta3000pa3HON W KUIAKOW (pa3 TEIIOHOCUTENs, 3aMBIKAIOIIHe



COOTHOILIEGHHUS 1O TEII0OOOMEHY JUIsi BCEX THIIOB PEXUMOB TEIIOOOMEHA
(KOHBEKIIMHU, KHUIEHUs, KOHACHCAIMM M 3aKPU3HCHOTO TEIJI0OOOMEHa) |
COOTHOUIEHUS JJI pacyeTa pa3INuyHbIX TUIIOB KPAEBbIX YCIOBUI.

IIporpammusbiii mogyns KOBRA wucnonssyercs B PHI[  "Kypuarosckuii
Wuctutyt" wu B apyrux opranuzauusax MHWHATOMa (B uwactHoctn HUKUOIT,
OKBM, POALl BHUUD®, JIADC) ¢ 1988roxa.

C 1988 r. KOBRA mnipumMensieTcst 1Sl BBIIOJHEHUS! pACUETHBIX MCCIIEA0BAHUM
HECTAllMOHApHbIX, B TOM 4HCIE W aBapuilHbIX, npoueccoB B A0Y ¢ PBMK B
TpEeXMEPHOM IPUOIIKEHUH B cocTaBe mporpammuoro komriekca STEPAN/KOBRA.

C 1992 r. mporpammublii mMoxyns KOBRA wucnosnbs3yercss COBMECTHO ¢
TPEXMEPHBIM HECTAIlMOHAPHBIM HEUTpOoHHO-(pm3nyeckum wmoaynem NEU [4] B
KauecTBE ©0a30BOr0 TEIUIOTHAPABIMYECKOTO KOJAa B COCTaBE MPOTPaAMMHOTO
komiuiekca READY [5,6], paspaboranHoro coBmectHo ¢ POSAL] BHUUDD u
MpEeHA3HAYEHHOTO JJIsl MCCJIEJOBAaHUM JWHAMUKH, B TOM 4YHCI€ U B 0OOCHOBaHHE
oe3onacHocTH, SIDY ¢ peakropamMu BOJO-BOJSHOTO THIA B PAa3IUYHBIX, BKIIOYAS
TpeXMEpHOE, MPUOINKCHHSIX.

C mnomompio mporpammHoro moayiss KOBRA BeimonHeH wHenbiil  psijg
pPacuyeTHO-TEOPETUUECKUX UCCIIEOBAHUN AMHAMUYECKUX PEXKUMOB pabOThI, BKIIIOUYAs
HCCIIEIOBAaHUsl aBapUUHBIX IPOLIECCOB B OOOCHOBAaHME OE€30MACHOCTH, SIIEPHBIX
SHEPTOyCTAaHOBOK C peakTopaMu paziauvHoro tuma (He Toabko PBMK, HO Takke u
BBOP) [7,....9].

IIporpamMmusbiii Monyns KOBRA mmpoko npuMeHsICS Takke Ulsd aHaau3a

aBapuu Ha 4-M O610ke YepHoObuibcKOM ADC [2].

2. BEPHOUKALIUA PACYHETHOI'O KOMIIJVIEKCA.

Bepudukanus koga moaenupoBanusi auHamukun PBMK BwimonHeHa kak Anis
BCETO CBSI3aHHOTO HEWTPOHHO-TEIUIOTUAPABIMYECKOT0 KOMIUIEKCA, TaK M JJIA
COCTaBIISIONINX €r0 HEHTPOHHO-(DH3UYECKOTO W TETUIOTHIPABINYCCKOTO OJIOKOB B

OTACIBbHOCTH.



Bepugurayuna pacuemnozo kooa mooeauposanus HeumpoHHo-Qu3u4ecKux
npoyeccoe 6 AaKMuBHOIl 30He peaKkmopa.
Bepuguxayus npoepammer STEPAN BBITIOIHEHa Ha CIEIYIOMUX CEPUSIX

PaCUYETHBIX U HKCIIEPUMEHTAIbHBIX JaHHBIX:

e pacuerax MerogoM MonTte-Kapio MOJenbHBIX MOIUPEIIETOK B  XOJIOAHOM
COCTOSIHUM C HEBBITOPEBUIMM TOIUIMBOM M TOPSYEM COCTOSIHHUM C BBITOPEBIIMM
TOIINBOM;

® DHKCIEpUMEHTaX Ha "XONOAHBIX" KPUTCOOPKAX PAa3IMYHOTO pa3Mepa M COCTaBa C
0OBIYHOM U MOJIEPHU3UPOBAHHOM KJIaIKOH, MpOBeIeHHbIX Ha cTeHne PEMK;

e »HKcnepuMeHTax Ha peakropax PBMK, BbImoOmHEHHBIX BO BpeMmsi (PHU3HUECKUX
ITyCKOB;

® 3MEpPEHHIX MOJKPUTUIHOCTH, "BeCOB" cTepyHEH n 3((HeKToB 00e3BOKUBAHHS HA
XOJIOAHBIX BeIropeBuInX 30Hax PBMK;

e mMepeHusxX 3()(HEeKTOB PeaKTHBHOCTH, MUKPOCTPYKTYPBI HEUTPOHHBIX TOJNEH H

CHEKTpaJIbHBIX MHIEKCOB B paboueM cocTosiHuu AeicTBytonmx PEMK.

Pesynpratel Bepudumkanmu mokazamu, uro BemnuumHa Kodd PBMK
onpexaensercs pacuetoM 1o mnporpamme STEPAN co cpenHexkBaapaTHUHON
norpemHocTbio 0.5% (31 Touka). [lorpemHocTs pacuera KpUTHUHOCTH PEAKTOpa B
1.2 paza mpeBbIIAET HKCHEPUMEHTAIBHYIO MOTrpemHocTh. [lorpemHnocts pacuera
MOJKPUTUYHOCTH pEaKkTopa M MHUKPOCTPYKTYpel mnionedl B 1.5 mpeBelmaer
9KCIIEPUMEHTAIIBbHYIO BEIMUUHY.

bonee cyumecTBeHHOE paszauuMe MOrPEHIHOCTEN HaOoaeTcss B cllydae
apdexroB obe3BokmBanuss KMIIL u KO CVY3 B mOAKpPUTHYECKOM COCTOSTHUH
CHEKTPAJIbHBIX MHJIEKCOB U MOIIHOCTHOTO KOA((PHUIIMEHTa PEaKTUBHOCTH.

IlorpemHocTy pacueTHOro ONpENENIeHUsT "BECOB'" CTEp)KHEH M IapoBOIO
KO3 QHIMEeHTa PEaKTUBHOCTH HE BBIXOJSAT 32 MPEIEIBI IOTPEITHOCTH H3MEPEHH.

Ha mnpumepe pacuera kputuuHoct 10 cOOpoOK, HCCIeIOBAaHHBIX Ha
skcriepuMeHTanbHoM creHae PBMK, mnokasano, uro mnporpamma STEPAN He
yCTynaeT 1O TOYHOCTH IporpaMMaM ¢ 0ojiee CTPOTHMM aJITOPUTMOM pEIICHHS
ypaBHEHUI HEUTPOHHOTO OasaHca.

Ha ocnoBe ananu3za (¢ momompio mporpamm ARROTTA (CIIIA) u STEPAN)

pe3yabpTaToB M3MepeHuil mpu mycke 3-ro Onoka CADC, mpoBeneHHBIX ¢ XOpoluei



TOYHOCTBIO, TOKA3aHO, YTO MOTrpemIHOCTh pacuyeTta BenuuuHbl (Kadd - 1) mansa 5-u
cocrossHuil paBHa 0.59% (ARROTTA) u 0.46% (STEPAN). IlorpemHocts pacuera
noakputudHocTH (10 cocrosinmii) paBHa 11.1% (ARROTTA) u 4.4% (STEPAN) mpu
MOTPEIIHOCTH U3MepeHuit 5.8%.

Hns eepugpuxayuu pacuemnoeo xkooa SM ObITH TMPOBEACHBI CPAaBHUTEIbHBIC
pacuerel mo mnporpamme SM UM HECTallMOHApHOM BEpPCUM MOJHOMACIITAOHOMN
HenTpoHHO-(m3ndeckoi nporpammbel STEPAN, a Takxke pacyeTHbIe MCCIEAOBaHUS B
paMKax HE3aBUCHUMON HKCHEpPTH3bl IOJHOMACIITAOHOTO TpeHaxkepa 3-ro Onoka
JIADC BenymuMmu cnenuanuctamu opranusauuu I'imaBHoro Koncrpykropa PEMK
HUKUIT.

B nmemom MOXHO cKa3aTh, 4TO IOJIy4EHHBbIE pe3yJibTaThl BepHU(UKaLUU
J€MOHCTPUPYIOT JOCTAaTOYHO BBICOKYIO TOYHOCTh ONMCAHUS  JMHAMHUYECKHUX

IIpoLecCOB Mporpammon SM.

Bepugpukayusa pacuemnozo xooa mooenuposanus menaocuopasiuieckKux
npoueccoes.
Becy umerommiics MaTtepuasn 1Mo BepU(UKALMU TEIIOTHAPABINYECKOTO

Moayist KOBRA M0)XHO ycI0BHO pa3OUTh Ha IIECTh YACTEM:

e BepudUKaAIMs UCIONB3YEMBIX B MOJETM U  IPOrpaMMe  3aMBIKAIOIIUX
COOTHOIICHUM;

e Bepu@UKaAIMA KOJa [0 pe3ysibTaTaM KJIaCCUUECKUX TEIUIOTUIPABINYECKUX TECTOB;

e BepudHKalMs MO  pe3ysbTaTaM  AKCHEPUMEHTAIbHBIX  HCCIEAOBAHHIA,
BBINIOJTHEHHBIX HA TEIUIOIMIPAaBIMUYECKUX CTEHJAX M, B YaCTHOCTH, Ha cTeHje KC
PHII “KypuartoBckuii MHCTUTYT  TpU HCCIENOBAHUSAX aBAapUMHBIX CUTYyaIHi,
WMUTHUPYIOLIKX Pa3pblB HAOPHOTO KosuiekTopa peakropa PBMK-1500;

e BepuUKalMs IO JaHHBIM pEAKTOPHBIX S3KCIEPUMEHTOB Ha JAEHCTBYIONIUX
9HEpro6JoKax M, B YaCTHOCTH M TJIABHBIM 00pa3oM, MO 3aperucTpUpOBAHHBIM
pe3yabTataM YepHOOBIIBCKON aBapuu;

e BepudUKaMs MO JaHHBIM PACYETOB TUHAMUKHM C HCIHOJIB30BAHHUEM IIHMPOKO
MIPUMEHSEMBIX B aTOMHOU YHEPTreTHKE KOJOB, U I1aBHBIM 00pa3oM kona RELAPS ;

e BepudUKaIMs MO pe3ysibTaTaM HCCIEIOBaHWN, BBIIOJIHEHHBIX MPU MPOBEICHUU

HE3aBUCUMOM SKCIEPTU3bl MOJHOMacmTaOHOro TpeHaxkepa 3-ro Omoka JIADC



BEeIyIMMHU creunuanucraMu opranusauuu ['naBHoro Konctpykropa PBMK

HUKUOIT.

PesynbraThl BepUpHKALMKM JIEMOHCTPUPYIOT TNPUMEHUMOCTh Koja MJs
MmonenupoBanus nuHamuk PBMK u, B uacTHOCTH, OBICTPONIPOTEKAIOIINX aBAPUHHBIX
MIPOLIECCOB, CBA3AHHBIX KAaK C OBICTPHIMU M3MEHEHHUSIMH MOIIHOCTH, TaK U C IOTepel

TCIIJIOHOCHUTECIIA.

Komnnekcnasa eepugpuxkayusn HeitmpoHHOmenno2uopasiuiecKoi mooeiu u
nporpammbl  guHaMukn  KMIIL[ #  1IaBHBIX 1aponpoBOXOB  BBINOJHAJIACE C
HCIOJIb30BAHUEM JKCIIEPUMEHTAIBHBIX U PACYETHBIX (IIOJyYEHHBIX 10 M3BECTHBIM U
INPUHATBIM I WCIOJB30BaHWs B AaTOMHOM DJHEPreTHKE KoJaM, B YaCTHOCTH
RELAPS) nmaHHBIX TO JIUHAMHYECKMM pEXHMaM pabOThl W, B YAaCTHOCTH, IIO
aBapuiiHBIM  pexumaMm  3HeproosokoB ¢  peakropamu PBMK. Mogens
Bepu(ULUpOBaNach Ha BCeX J3Tamax €€ pa3pabOTKH, Pa3BUTUS U BHEAPEHUS B
pacyeTHbIE UCCIIEN0BaHUs, BKIKOYAsl dTAll CO3JaHUs, OTJIAJKH, IIPUEMKH 3aKa3uuKOM
u He3aBUcHUMOM skcmeptusbl cnenuanucraMmu  HUKUOT nomHoMacimiTabHOTO
TpeHaxkepa 3-ro 3Heprobsoka JIADC.
K nambonee MHTEpECHBIM JWHAMHYECKUM (BKIIIOYAsl aBapHIHBIC) peKHMaM,
JUI KOTOPBIX BBIIIOJHEHA BepU(PUKaLUs, B YACTHOCTH, CIEAYET OTHECTH:
® aBapHI0, CBA3aHHYIO C OBICTPBIM pPOCTOM MOUTHOCTH ( aBapusi Ha 4-M OJIOKe
YADCO);

® pEXHM, CBA3aHHBIA ¢ MpoLeAypol m3MepeHus: napoBoro 3ddexra peakTUBHOCTH
Ha 2-M 010ke Urnanmuackoit ADC;

® aBapHIO, BBI3BAHHYIO CHIKEHHEM pacxojla TEIUIOHOCUTENS B OJHOM KaHaje (
JIADC - 3);

e apaputo ATWS c¢ obOecrounBaHueM COOCTBEHHBIX HYXJ ( Ui pacueToB
KCI0JIb30BaNoCh AanHble st MTADC-2);

e Makcumanbsnyto [IpoextHyro ABaputo (MIIA) - pa3peiBa HallOPHOTIO KOJJIEKTOPA
(s 3-ro 6;moxka CADC);

e apapuiiHbIi pexxuM Ha 4-m sHeproOmoke JIADC 12.08.92, uMHUIIMMPOBAHHBIN
oTkitoueHueM oaHoi u3 JIDII B pe3ynbpTaTe NOBpEXAECHUS €€ TPO30BBIM 3apsIIoM

(pexxum “I'poza”).



JUid mepBBIX TpeX U3 OTHUX PEKUMOB OTMEUEHO XOPOIIEE COTJIacOBAHUE
pesynbraroB pacueroB mo nporpamme STEPAN/KOBRA ¢ skcnepuMeHTaIbHBIMU
JAHHBIMM, ISl PEeXUMOB 1-ro M ¢ 3-ro mo 5-i1 - ¢ pe3yiabTaraMu pacyeToB IO
nporpamme RELAP5/MOD?3 u, kpome Toro, ATHLET (ans 4-ro pexxuma).

Pexum “I'poza” BocHpoM3BOAMJICS TpU IPOBEIECHUU  HE3aBUCUMOMU
SKCMEPTU3bl  TOJHOMACIITAOHOTO  TpeHaxepa 3-ro  »Heproodsmoka  JIADC
cnemanuctamu  HUKMOT. ComnocraBienne pe3yiabTaToB MOJACIUPOBAHUS U

3apCTrUCTPUPOBAHHBIX JAaHHBIX HPSF MOKa3aJIO BBICOKYI0 TOYHOCTb MOJCINPOBAHUA.

W3 mpencraBieHHBIX BbIINIE PE3YJIbTaTOB KOMIUIEKCHOM BepuuKanuu
HEHUTPOHHOTEIUIOTHIPABIMUECKON MoJenu OeccrmopHO Haubosee HWHTEPECHBIM
MIPEJICTABIISETCS] COTIOCTABICHNUE 3aPETUCTPUPOBAHHBIX PE3YyJIbTaTOB asapuu Ha 4-m
anepeoonoke HYAIC c pe3ynbraramMu €€ MOJCIUPOBAHUS, BBIIIOJIHEHHOIO IO
koMmiuiekcy STEPAN/KOBRA. TlpencraBneHHble pe3ysibTaThl HHTEPECHBI €IIC M C
TOM TOYKM 3pEHHs, YTO COINOCTaBJI€HHE ObUIO BBIMOJIHEHO OJHOBPEMEHHO C
pesyaTtaramu pacueta 1o kogy RELAP5/MOD3.

B kauecTBe HMCXOIHBIX JAaHHBIX JJIs Hayalda MOJAEIHPOBAHUS OBLIO B3STO
cocrosinue 3apukcupoBanHoe nporpammoit “TIPUSMA” na lwac22mun 30c. Beuto
HCIOJIb30BaHO:

e monoxxeHue crepxkuen CY3 ;

® pacrpejelieHue TITyOUH BBITOPAHHUS;

® [I0Ka3aHMs BHYTPU3OHHBIX HEHUTPOHHBIX JAaTYHUKOB;
® T[OKaHAIbHBIE PACXObI TEIUIOHOCUTEIIS.

MopnenupoBanue Obio Hadyaro ¢ MomeHTa 142lmS50c, dYroObI ydecThb
W3MEHEHHS pacxojJa MUTATEeIbHOM BOJbI, BBIMOJIHIBIIMECS OINEPATOPOM IEpen
HayaJioM JKcrepuMeHTa. [Ipu 3ToM HEHTpOHHBIE XapaKTEPUCTUKU ObUIM HPUHSATHI
paBHBIMH HX 3HayeHUssM B MOMEHT 1422m30c. /[ monydeHus CTalMOHAPHOIO
COCTOSIHUSI B TEIUIOTUIPABIMYECKOM OJIOKE HCHOIb30BAIUCH COOTBETCTBYIOIIHUE
3HaueHus aaBieHuii B bC, pacxoapl nmutarenbHO BoABI B3sATH U3 AaHHBIX JIPEI. B
pesynbTare pacuera NpeamiecTByrommx 74c  Obuio  cOPMUPOBAHO HMCXOAHOE
COCTOSTHHE JIJIsl MOJICTTUPOBAHUS IKCIIEpUMEHTA ( HaualbHBIE YCIOBUS ), HAYABIIETOCS

B 1u23m04c.



Jlanee OBLJIO HPOBENEHO MOJEIHMPOBaHUE 3KcrepuMeHTa ¢ BeiOerom ['TIH.
N3menenuns 4acToThl BpamieHus HacocoB ObLIO B3aTO U3 AaHHBIX JIPEI'. Helitponnas
MOIIHOCTh pPEAKTOpa B TEYEHHE HKCIIEPUMEHTAa COXPAHSIACh IOCTOSHHOM.
HebGonpime u3MeHEeHUS PEaKTUBHOCTH B pe3yJibTaTe CHIKEHUS pacxoja dYepes
peaktop u pocta napieHus B bC komMneHCHpoBalioch ABMXKEHHEM 4X crepxkHeil AP1
BBepx Ha 30cm B momeHT lu 23m22c. B moment 1u423m40c MoaennpoBanoch
norpys;xkeHue Bcex crep;xkueit PP u AP o komange A3-5.

B pacuerax mo mporpamme RELAP5/MOD3 wmopenupoBaHue mpolecca
HauuHaioch oT MoMeHTa 1419m00c u go 1423m04c nMpoBOAMIIOCH B COOTBETCTBUU C
nanaeiMu JIPED. Jlo MoMeHTa A3-5 MOIIHOCTH MoJIarajach MOCTOSHHOM, 3HAUCHUS
pacxoja TUTATENbHOW BOIBI 3aJaBajlCh B COOTBETCTBUM C nmaHHbiMu JIPEI.
MopnenupoBaicss JKCIOEPUMEHT C BBIOETOM HACOCOB; JIBXKEHHE CTEpXKHEH
MOJIETTUPOBAJIOCH YEPE3 3aJaHUE 3aBUCUMOCTH PEAKTUBHOCTH, BBOAUMOIN CTEP KHIMU
no curHainy A3-5, ot BpeMeHH (A1 GOPMPOBAHUS 3aBUCUMOCTH PEAKTUBHOCTH OT
BPEMEHH UCIOJIb30BAIKCH JaHHbIE U3 pacueToB 1o nporpamme STEPAN). Pacuer o
nporpamme RELAP5/MOD3 ¢ 6510KOM TOY€YHON KHHETHUKH.

Pesynpratel pacuetoB (u3meHeHus nasieHus B bC, cpennss temmneparypa
TOIUIMBA, CPENIHSAS 110 AKTUBHOM 30HE MJIOTHOCTh TEIJIOHOCUTES) IPUBEACHBI HAa PHUC.
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Puc. 1. U3menenne nasnenus B bC (o momenTa 1u23m04c)
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Puc. 2 3MeHeHne MakcuMaibHOTIO 3HAYEHUS CPEHEN TeMIeparypbl
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Puc. 3. I3MeHeHne cpeaHell o BbICOTE aKTUBHOW 30HBI

IJIOTHOCTH TerioHocuTens rnocie A3-5 (ot MmomenTa 1423m40c¢)

[Tocne KpaTKOBPEMEHHOIO YMEHBIICHHsS HEHMTPOHHAs MOUIHOCTh HaYMHAET
OBICTPO pacTu U K MOMeHTy 1u23m45c mocturaer ypoBHs okoiio 80 HOMHMHAIOB B
pacuetre no nporpamme STEPAN+KOBRA u 3nauenus nopsiaka 50 HOMUHAIOB B
pacuere nio mporpamme RELAPS/MOD3.

OTMeTHM JTOBOJIBHO XOpOIlIee COBMA/IEHUE PE3yIbTaTOB PACUETOB M0 POrpaMM
STEPAN+KOBRA u RELAP5/MOD3. Kpome »srtoro, B Tabmuie 1 mpuBeneHo
COIIOCTABJICHUE PEATbHBIX COOBITMH M PEe3ysbTAaTOB pacueTa aBapUHHOIO Ipolecca

o nporpamme STEPAN+KOBRA.



Taoauua 1.
ConocraBJ/ieHHe pe3y/JbTAaTOB pacyeTa Mo nporpaMmme

STEPAN+KOBRA u peajbHbIX COOBITHI.

N CoObITHs ®daxt | Pacuer

1 | MoImHOCTb peakTopa He U3MEHIACh B TCYEHUE IKCIIEPUMEHTA 10 | + +
MomeTa A3-5 HECMOTPS Ha CHUXKEHHUE pacxoza.
2 |Ilocne Hayana ABMXKEHUS cTEpKHEN 1o KoMaHae A3-5

HEHTpOHHAs MOIHOCTh BHAYaJIe YMEHBIIIAETCs Ha BEINUUHY + +

ok011010%.
3 |Ilepememenus AP 6b110 3adukcupoBano B 1423m30c. + +
4 | Curnamer ABM u A3C Obin 3adpukcupoBansl B 1u23m43c. + +
5 |Peskoe yBenuuenue nasiaeHus B bC O6bu10 3aduKkcupoBano B 14 + +

23m 48c.

OTtHocuTenbHO 111.4,5 conoctaBieHus (cM. Tadi.1) He0OXOAMMO OTMETUTH

ClIeyIolIee.

e VcraBka A3M, cormacHo pacueTy Obuta JOoCTHTHYTa B MOMEHT 1423m42.5¢ (cMm.
m.4.).

e B pacuernoit mogenu gasnenus B bC sBIsAI0OCH IIaBHBIM TPaHUYHBIM YCIOBUEM U
He U3MeHsu1och. OHAKO B MOMEHT BpeMeHHM 1u23M48c pacder mokaszan pe3Kui
pPOCT AaBJI€HUS] B BEPXHEHW YaCTU aKTUBHOMW 30HBI, YTO BBI3BIBACTCS 3allapyBaHUEM
KaHaJIOB (CM.IL.S).

Takum oOpa3oMm, MoJenMpoBaHHE aBapUHHOrO Ipolecca MO MporpaMme

STEPAN+KOBRA aznexkBaTHO BOCHPOM3BOAMT HAyalo aBapUIlHOTO Ipolecca Hu

pacyeTsl XOPOLIO COIVIACYIOTCS € pe3yJIbTaTaMM, IOJy4EHHBIMM IIO IIporpamme

RELAP5/MOD3.

beccniopHo MHTEpeCHBIM B IJIaHE MPEJCTABICHUS PE3yJIbTaTOB BepU(pUKaLUU
aBisgercs pexcum “I'poza”. IloMmuMO BCero mpo4ero OH MHTEPECEH €Ie U TEM, 4TO
MOJICIUPOBAJICSA HA IOJIHOMACIITaOHOM TpeHaxepe 3-ro sHeproOioka JIADC, t.e.
pacder OCYIIECTBISUICA C HCIOJb30BAaHUEM IIOJIHOM KOMIUIEKCHOW MOJENIHU BCEro
3HeprooIIoKa, a He ToJIbKo Moaenn KMIILI.

Pesynbrarel  Bocmpou3BeneHus pexuma  “‘I'poza” Ha  TpeHaxepe U
COIIOCTABJICHUSI C 3aperucTpupoBaHHBIMH AaHHbIMH JIPOI' nmns  Hambonee

MHTEPECHBIX TapaMeTPOB dHEProOI0Ka NPECTaBIEHBI Ha pUC. 4.
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Puc.4. ITapameTrpsr KMIIL] B pexxume “I'po3a”
a) U1l JICBOM MOJIOBUHBI

0) TS TPaBOM MTOJIOBUHBI

Okcnepruza HUKHUOT npusnHana ... BBICOKYI0 TOYHOCTh MOJEIUPOBAHUS...”,
KOTOPYIO, B YacCTHOCTH IOATBEPXKAAeT .. TOT ()aKT, YTO Ha HAYAIBHOW CTaTUH
mporiecca coYeTaHue IByX OOCTOSTENECTB, @ UMEHHO HE3HAYHTEIHHO TOBBIIICHHOTO
(mpotuB 06bryHOT0) MaBnenus B KMIIL] u oTkaza ognoro u3 uersipex bPY-K, kak B
pEaJIbHOCTH, TaK M B TPEHaXepe NpHUBENO K mepexony pexuma A3-2 B A3-5 no

MOBBIIICHUIO AABJICHUA NPAKTUYCCKH B OAUH U TOT K€ MOMCHT HpOHCCCﬂ.”



3AK/IIOYEHUE

Co3ngaHHbIi B PHI| “KypuaroBckuii UHCTUTYT” HEUTPOHHO-
teroruapasnuueckuii komrieke kogoB STEPAN/KOBRA mo3BosieT BBITOTHSTH
IIUPOKUN  CHEKTP PACUYCTHBIX HCCIEAOBAHUN HECTAI[MOHAPHBIX  (U3HUYECKUX
MPOLECCOB, BKJIOYAs AaBapUWHbBIC pPa3JIMYHOM CTerneHu Tsbkectd, B PBMK B
TPEXMEPHOM MPOCTPAHCTBEHHOM MPUOINKEHHH.

KomMruiekc B 3HaUMTENBHON CTENeHH BepU(PUIIMPOBAH U BHEAPEH B pacueTHBIC
WCCIIeIOBaHMS, HATIPaBIICHHbIC Ha TOBBIIICHHE U 000cHOBaHMe Oe3omacHocTu ADC ¢
PBEMK.

Baxueiimum gakToM BHEIpPEHHs] KOMIUIEKCA SIBJISETCS €ro MCIOJb30BaHUE B
KauecTBE 0a30BOTO pacuyeTHOr0 KoJa MOJHOMAcCIITaOHOrO TpeHaxkepa 3-ro
sHeproomoka JIADC, co3manHoro B 1994-1996 rr., u paspabaTbiBaeMOro B
HacTosIIIee BpeMsi TOJIHOMACIITaOHOTO TpeHaxkepa 1-ro sueprodioka JIADC.

JIoCTOBEpHOCTh ~ pe3yJbTaTOB PAcueTOB TMOATBEP)KICHA 3HAYUTEIHHBIM
00BEMOM pPE3yIBTATOB €r0 BepuUKaLUU, CPEAU KOTOPBIX PE3yIbTaThl KOMITJIEKCHOM
BepH(UKALIMK TOJTHOMACIITAOHOTO TpeHaxkepa TpeThero »sHeproodmoka JIADC,
3a)KCUPOBAHHBIC B BOCBMUTOMHOM TEXHHUYECKON MTOKYMEHTAIIMH IO €ro MpPHUEMKE
(Acceptance Test Procedure), a taxxe pe3ynbTaTbl HE3aBUCUMOW SKCIEPTHU3BI
MOJIHOMACIITAOHOTO TPeHa)Kepa BeAYIIMMH CIIeHUaIlCcTaMy OpraHu3anuu [ JaBHOTO
Konctpykropa PBMK HHUKHWOT, koTopele CBHIETENBCTBYIOT O TOM, YTO
MPUMEHEHUE TpEHa)kepa B IMPOIECCe MOJATOTOBKM  OINEpPaTOpPOB  MO3BOJSET
($hopMHPOBATH NMPABUIIBHBIC TIPUHITUIIBI U TPAKTUYECCKHIE PUEMBI YIIPABICHUS OJIOKOM
B YCIIOBHSIX HOPMAJIbHOM SKCILTyaTallid, B aBaPUMHBIX CUTYalUsIX U MPU MPOECKTHBIX
aBapusix. Upe3BblUallHO Ba)XKHBIM, Ha HAIl B3IV, TaKXKE SBISETCS BBIBOA
HE3aBUCHUMOM 3KCHEPTU3bl O TOM, YTO ““...TOYHOCTh MOJIEJIEH IMO3BOJSET MPUMEHSITh
TpEHa)Kep HE TOJNBKO M OOy4YeHUs OmeparopoB, HO U Uil pa3pabOTKu
YCOBEPUICHCTBOBAHHBIX AJITOPUTMOB aBTOMAaTHYECKOTO YIPAaBIEHUS M 3alllUThl U

NpOLelyp YIPaBJIEHUs SHEProOJIOKOM C y4acTHEM OIepaTopoB...” .
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